ABSTRACT
I
ntra-arterial recanalization for acute ischemic stroke is commonly used in patients with large-vessel occlusion. 1 Timely recanalization of the occluded vessel with either IV-tPA or intraarterial therapy is essential in preventing neuronal death and improving patient outcome. 2 A number of factors affect patient outcomes following endovascular recanalization, possibly including choice of anesthetic agent during the procedure. Moderate conscious sedation and general anesthesia with intubation are the 2 most commonly used anesthesia techniques for patients with acute ischemic stroke undergoing endovascular recanalization. 3 General anesthesia is often the preferred method due to the perceptions of improved procedural safety and efficacy. 3 However, conscious sedation and local anesthesia allow operators to monitor neurologic status during the procedure and avoid delays in procedure initiation. 4 Furthermore, conscious sedation may be associated with improved hemodynamic stability compared with general anesthesia. Due to the continuing debate regarding anesthesia choices during intra-arterial treatment of acute ischemic stroke, we performed a meta-analysis of studies comparing outcomes of patients with stroke receiving general anesthesia and conscious sedation during the procedures. 5, 6 
MATERIALS AND METHODS

Literature Search
To identify comparative studies on general anesthesia versus conscious sedation during endovascular treatment of acute ischemic stroke, we searched 3 databases from 1990 to March 2014: Ovid MEDLINE, Ovid EMBASE, and the Web of Science. Ovid MEDLINE and Ovid EMBASE use controlled vocabulary. The Web of Science is text word-based but tends to be more current and multidisciplinary. The initial search terms were conscious sedation, general anesthesia, and intracranial embolism and thrombosis or stroke. These were combined with treatment techniques: endovascular, fibrinolytic agents, thromboembolism, catheter, transcatheter, thrombolysis, fibrinolysis, recanalization, embolectomy, or thrombectomy (subject heading available in EMBASE, but not MEDLINE). We also searched references from multiple articles to find any additional studies on anesthesia and outcomes of endovascular treatment of acute ischemic stroke not found in the initial literature search.
Identified studies from the literature search were then further evaluated for inclusion in the meta-analysis. Inclusion criteria were the following: 1) studies comparing outcomes of the 2 groups: general anesthesia and conscious sedation/local anesthesia; 2) studies reporting separate angiographic and clinical outcomes for the general anesthesia and conscious sedation/local anesthesia groups. Exclusion criteria were the following: 1) case reports, 2) studies not separating outcomes by anesthesia type, 3) noncomparative studies (ie, studies with only 1 group: general anesthesia or conscious sedation). Two authors reviewed the articles for inclusion. Following selection of the articles, the data were abstracted by 1 author.
Quality Assessment
Quality assessment of the studies was performed by using the Newcastle-Ottawa Scale. This tool is used for assessing the quality of nonrandomized studies included in systematic reviews and/or meta-analyses. Each study is judged on 8 items categorized into 3 groups: 1) selection of the study groups, 2) comparability of the study groups, and 3) ascertainment of the outcome of interest. One star is awarded for each quality item; 4 stars are the maximum for the selection of groups, 2 stars are the maximum for comparability, and 3 stars are the maximum for ascertainment of outcome. The highest quality studies are awarded up to 9 stars. 7 
Outcome Variables
Good functional outcome, defined as a modified Rankin Scale score of Յ2 at 90 days following endovascular treatment, was the primary end point of this study. Other studied outcomes included mortality, successful recanalization/angiographic outcome (Thrombolysis in Myocardial Infarction Ն2 or TICI 2b/3), asymptomatic intracranial hemorrhage (ICH), symptomatic ICH, other vascular complications including dissections and vessel perforations, respiratory complications including respiratory failure and pneumonia, procedure time, time from symptom onset to revascularization, and time from arrival at the hospital to groin puncture.
Statistics
From each study, we extracted a 2 ϫ 2 table for binary outcomes, the mean group sample size, and a measure of variability for continuous outcomes. Random-effects meta-analysis was used for pooling across studies. 8 The I 2 statistic was used to express the proportion of inconsistency that was not attributable to chance. 9 Meta-analysis results were expressed as odds ratio for binary outcomes and weighted mean difference for continuous outcomes with respective 95% confidence intervals. When assessing continuous outcomes, some studies reported mean values with corresponding SDs, while others reported median values with interquartile ranges. If a median and interquartile range were reported, these were converted to a mean and SD on the basis of the assumption of a log-normal distribution of the original measure. We planned to explore the impact of publication bias by constructing funnel plots and testing their symmetry if a sufficient number of studies (Ͼ20) were available. Meta-analysis was conducted by using Comprehensive Meta-Analysis, Version 2.2 (Comprehensive Meta-Analysis, Englewood, New Jersey).
Because the study subjects were not randomized by anesthesia type, we were concerned about a lack of similarity between the 2 study groups (ie, patients with worse prognosis receiving 1 of the 2 interventions). Therefore, we planned to conduct metaregression, in which the dependent outcome was the effect size (log of the OR of the primary outcome, the odds of good neurologic outcome), and the explanatory variables (independent variables) were initial stroke severity categorized by the baseline average NIHSS score and the type of anesthesia (general anesthesia versus conscious sedation). Studies were weighted in metaregression by using their precision. The results of the metaregression were presented as an odds ratio adjusted for NIHSS score. Metaregression was conducted by using STATA, Version 12.1 (StataCorp, College Station, Texas). We also performed a sensitivity analysis examining the comparative outcomes, including only those studies that reported baseline NIHSS scores.
RESULTS
Literature Search
One hundred twenty-three articles were found on the initial literature search. Of these, 102 (82.9%) were excluded after reading the abstracts alone because they were not found to be relevant to our study. Of the remaining 21 articles, 3 (2.4%) were excluded because they mixed outcomes of endovascular stroke treatment with other endovascular procedures (ie, stent placement, aneurysm coiling, and so forth); 5 articles (4.1%) were excluded because they only included 1 treatment group; and 4 articles (3.3%) were excluded because they were review articles. In total, 9 articles (7.3%) with 1956 patients (814 with general anesthesia and 1142 with conscious sedation) were included in this study. No studies randomized patients to general anesthesia or conscious sedation. The largest study had 1079 patients (428 with general anesthesia and 651 with conscious sedation), and the smallest study had 66 patients (9 with general anesthesia and 57 with conscious sedation). All studies had at least 7 stars on the Newcastle-Ottawa scale. A summary of included studies is provided in Table 1 .
Outcomes
General anesthesia was associated with a lower odds of favorable functional outcome (ie, mRS Յ 2) compared with conscious sedation (OR ϭ 0.43; 95% CI, 0.35-0.53; P Ͻ .01) (Figure) . General anesthesia was also associated with a lower odds of successful recanalization (OR ϭ 0.54; 95% CI, 0.37-0.80; P Ͻ .01). Patients receiving general anesthesia had higher odds of mortality (OR ϭ 2.59; 95% CI, 1.87-3.58; P Ͻ .01) and respiratory complications (OR ϭ 2.09; 95% CI, 1.36 -3.23; P Ͻ .01). There was no significant difference in the odds of asymptomatic ICH (OR ϭ 1.24; 95% CI, 0.94 -1.62; P ϭ .12), symptomatic ICH (OR ϭ 1.34; 95% CI, 0.95-1.87; P ϭ .09), or other vascular complications (OR ϭ 1.22; 95% CI, 0.68 -2.18; P ϭ .50) between groups. These findings are summarized in Table 2 
Metaregression and Publication Bias
Adjusting for NIHSS score by using metaregression for the main outcome (odds of having good functional outcomes) yielded an odds ratio of 0.38; which was similar to the unadjusted estimate of 0.43; however, the 95% CI became statistically insignificant (0.12, 1.22). The number of included studies in this analysis (with an available NIHSS score) was only 6; therefore, this adjustment is not reliable and likely underpowered. Evaluation of publication bias was not possible due to the small number of included studies.
Sensitivity Analysis
Outcomes from our sensitivity analysis, including only those studies that reported baseline NIHSS scores, are provided in Table  3 . Similar to the results in the overall analysis, in the sensitivity analysis, general anesthesia was associated with higher odds of death (OR ϭ 2.22; 95% CI, 1.54 -3.20) and respiratory complications (OR ϭ 2.03; 95% CI, 1.12-3.68). General anesthesia was associated with lower odds of recanalization (OR ϭ 0.48; 95% CI, 0.30 -0.76) and lower odds of good neurologic outcome (OR ϭ 0.38; 95% CI, 0.25-0.60). No differences in procedure time (P ϭ .69), time to groin (P ϭ .77), or time to revascularization (P ϭ 1.00) were seen.
DISCUSSION
Our meta-analysis demonstrated that patients receiving conscious sedation had higher rates of good functional outcome and recanalization and decreased rates of mortality and respiratory complications compared with those receiving general anesthesia. No difference in procedure times, time to recanalization, or time to groin was seen between groups. Rates of ICH and vascular complications were similar between the 2 groups as well. Following adjustment for the baseline NIHSS score, general anesthesia was associated with lower, but not statistically significant, odds of good functional outcome. Because only 6 of the 9 studies in this meta-analysis included information on the baseline NIHSS score, the lack of significance of the association in the adjusted analysis may have been related to the decreased statistical power. Given the superior outcomes of patients receiving conscious sedation compared with those receiving general anesthesia, these data suggest that conscious sedation should generally be the anesthesia technique of choice during endovascular recanalization for treatment of acute ischemic stroke. A number of factors likely contributed to the higher morbidity and mortality rates seen in the general anesthesia group. Inhalational anesthetic agents are associated with a higher risk of cerebral hypoperfusion and increased ischemic injury. 10, 11 Davis et al 12 found that patients with ischemic stroke receiving endovascular recanalization had higher rates of intraprocedural hypotension with general anesthesia than with conscious sedation. Inhalational anesthetic agents, such as isoflurane, have been found to steal flow from ischemic areas with poor autoregulation by inducing cerebral vasodilation. 10, 13 Induction and recovery phases of general anesthesia are often associated with significant hemodynamic changes (hypotension and rapid blood pressure fluctuations) that could exacerbate ischemic injury.
14 It is possible that the poor autoregulation and higher rates of intraprocedural hypotension with general anesthesia contribute to the markedly lower recanalization rates compared with conscious sedation seen in this meta-analysis.
General anesthesia remains widely used for intra-arterial treatment of acute ischemic stroke. The main argument in favor of general anesthesia is decreased intraprocedural patient movement. 5 Patients who are awake during endovascular treatment may move during endovascular therapy, which could compromise the safety and efficacy of the intervention. 15 Patient movement during the procedure can lead to wire perforation, resulting in intracranial hemorrhage or vascular injury in the form of dissection. However, no studies have demonstrated that conscious sedation is associated with higher rates of wire perforation, dissection, or intracranial hemorrhage than general anesthesia. 16, 17 Many practitioners cite perceived procedural safety, specifically avoiding emergent endotracheal intubation, as an advantage of general anesthesia over conscious sedation. 3 Emergent intubation is associated with various complications including airway trauma, aspiration, and death. 18, 19 However, many studies have suggested that the rate of emergent endotracheal intubation among patients with conscious sedation receiving neuroendovascular therapies is very low. 17, [20] [21] [22] The findings of this meta-analysis that conscious sedation was actually associated with higher rates of recanalization and no increase in intraprocedural complications should assuage concerns about the perceived disadvantages of conscious sedation for the interventionalist. In contrast to general anesthesia, conscious sedation allows intraprocedural monitoring of neurologic deficits, allowing operators to adjust the treatment strategy if needed. 23 Dynamic cerebral autoregulation is preserved with midazolam sedation, resulting in decreased volatility in intraprocedural cerebral perfusion. 24 While some studies have found that conscious sedation is associated with more rapid reperfusion, our study found no difference in procedure time, time to groin, or time from symptom onset to reperfusion between the general anesthesia and conscious sedation groups. 25, 26 Most previously published studies have demonstrated superior outcomes for patients undergoing endovascular recanalization therapy receiving conscious sedation relative to those receiving general anesthesia. General anesthesia is generally associated with higher rates of poor neurologic outcome at 90 days and higher mortality compared with conscious sedation. 12, 16, 17, 25, 27 The use of general anesthesia was independently associated with worse outcomes despite comparable rates of recanalization among patients included in the North American SOLITAIRE Acute Stent Retriever Registry. 28 One recently published study demonstrated that Ͼ80% of patients undergoing mechanical thrombectomy could be safely treated while under conscious sedation, with high rates of good neurologic outcome. 29 These studies, along with the findings from our study, suggest that conscious sedation is safe and effective in the setting of mechanical thrombectomy for acute ischemic stroke and should be preferred when deemed feasible.
Limitations
This study has several limitations. None of the available studies were randomized by anesthesia type. In general, average baseline NIHSS scores were higher for patients receiving general anesthesia than for those receiving conscious sedation. Adjustment for this variable was likely unreliable because of the small number of available studies with this information. Worse initial stroke severity could contribute to the higher rates of posttreatment morbidity and mortality seen in the general anesthesia group. However, the odds ratios found in this meta-analysis were not marginal, which strongly suggests that conscious sedation does lead to improved outcomes. Still, the higher baseline NIHSS scores underscore the possibility of selection bias because it is likely that patients with more severe strokes received general anesthesia or were intubated before the procedure due to an inability to preserve airway patency. We did not stratify outcomes on the basis of stroke location (anterior/posterior circulation) or initial ASPECTS. The site of vascular occlusion is another determinant of outcomes and a potential confounder in this analysis. For example, carotid occlusions, carotid bifurcation occlusions, and basilar ar- tery occlusions typically have worse outcomes. It is possible that the lower recanalization rates with general anesthesia seen in this meta-analysis were the result of a higher proportion of more challenging vascular occlusions in the general anesthesia group. Although some of the studies included in our meta-analysis represented earlier experience with endovascular stroke therapy and may have lower rates of recanalization and higher risk of complications than those in current practice, this caveat should apply similarly to both anesthesia types. We were not able to evaluate the presence of publication bias because our study incorporated 9 studies and measures of publication bias are only reliable if Ն10 studies are included in a meta-analysis.
CONCLUSIONS
This systematic review and meta-analysis demonstrates that patients with acute stroke receiving conscious sedation had significantly lower rates of morbidity and mortality and higher recanalization rates compared with patients receiving general anesthesia. However, these findings are based solely on studies that did not randomize patients by anesthesia type; differences in baseline patient characteristics, such as stroke severity, may confound the association. Therefore, a randomized controlled trial is needed to confirm whether general anesthesia is associated with higher rates of complications and impaired neurologic outcome in patients receiving endovascular therapy for acute ischemic stroke. In the meantime, when possible, it is reasonable to favor conscious sedation over general anesthesia during acute endovascular stroke therapy on the basis of available collective evidence.
